Introduction {#section1-1076029620925923}
============

Thromboembolic diseases may be venous or arterial. Venous thromboembolism is the third most common cause of vascular death after heart attack and stroke, comprising deep vein thrombosis and pulmonary embolism.^[@bibr1-1076029620925923]^ Arterial thromboembolism is predominantly due to nonvalvular atrial fibrillation. It has been said that patients with atrial fibrillation have a 5-fold higher risk of ischemic stroke compared with healthy individuals, especially in the elderly patients.^[@bibr2-1076029620925923]^

Warfarin and low-molecular-weight heparin are the traditional medications for treatment of thromboembolic diseases,^[@bibr3-1076029620925923],[@bibr4-1076029620925923]^ but there are many disadvantages, including the need for regular coagulation monitoring associated with some food-drug interactions, which can aggravate drug compliance.^[@bibr5-1076029620925923]^ Low-molecular-weight heparin is injected, and patients' compliance is poor.^[@bibr6-1076029620925923]^

There are 4 new direct oral anticoagulants (NOACs): rivaroxaban, apixaban, dabigatran, and edoxaban. Rivaroxaban (sold under the trade name Xarelto; Bayer HealthCare) was the first certified for clinical use.^[@bibr7-1076029620925923],[@bibr8-1076029620925923]^ Rivaroxaban is a direct selective inhibitor of FXa (coagulation factor X), with high oral bioavailability and rapid onset of action, and is relatively easy to take.^[@bibr9-1076029620925923]^ Rivaroxaban can be used for the treatment of deep vein thrombosis and the prevention of stroke in patients with atrial fibrillation. The effectiveness and safety of rivaroxaban are higher than for some traditional antithrombotic drugs in clinical practice.^[@bibr10-1076029620925923],[@bibr11-1076029620925923]^ According to a retrospective cohort study of patients with nonvalvular atrial fibrillation, rivaroxaban reduced the incidence of severe stroke and all-cause mortality after the stroke, relative to warfarin.^[@bibr12-1076029620925923]^

However, the recommended dose of rivaroxaban was determined for patients aged ≥18 years, and there are few studies regarding the effectiveness and safety of its use specifically for the elderly patients. This is especially concerning, because of the greater likelihood of comorbidities and multiple drug interactions in this population. The present retrospective study investigated the effectiveness and safety of rivaroxaban for elderly patients with thromboembolic diseases, and a suitable therapeutic dose.

Methods {#section2-1076029620925923}
=======

The Ethics Committee of the First Hospital of Jilin University (Changchun, China) approved this study. The institutional review board waived a study requirement for informed patient consent.

Patients {#section3-1076029620925923}
--------

This was a retrospective analysis of thromboembolic diseases (deep vein thrombosis or pulmonary embolism) and patients with nonvalvular atrial fibrillation aged 60 years or older who were admitted to First Hospital of Jilin University in northeast China. Patients were included if they had thromboembolic disease or nonvalvular atrial fibrillation ((CHA2DS2-VASc≥2) \[Congestive heart failure, hypertension, age 75 years (doubled), diabetes mellitus, stroke (doubled)-vascular disease, 65-74 years and sex category (female)\]), required oral rivaroxaban (continuous medication duration ≥3 months), and were aged ≥60 years. Patients with any of the following were excluded: taking other antiplatelet drugs (eg, aspirin, clopidogrel); or a history of severe trauma, major surgery, or gastrointestinal bleeding within the previous 6 months. In addition, patients were excluded if they had severe liver dysfunction (transaminases \>3× normal); renal dysfunction (creatinine clearance \<30 mL/min); thrombocytopenia or hematological diseases; malignant tumors with a higher risk of bleeding; incomplete clinical data; or switched to other anticoagulant drugs during the medication. Outpatient and telephone follow-ups were conducted to monitor bleeding events and new thromboembolic events within 3 months of continuous medication. All data were collected using EXCEL software.

Groups and Evaluation Criteria {#section4-1076029620925923}
------------------------------

The patients were divided into 4 groups, according to the daily dose of rivaroxaban, as follows: 10 mg every day; 15 mg every day; 10 mg twice a day; or 15 mg twice a day for 21 days and then 20 mg every day. The population was also stratified into 3 groups depending on age: 60 to 69; 70 to 79; and ≥80 years.

The Thrombolysis in Myocardial Infarction standard definitions were applied to assess bleeding as major, moderate, or slight.^[@bibr13-1076029620925923]^ Specifically, major bleeding was defined as clinically visible (including imaging diagnosis) or important organ and intracranial bleeding with a decrease in hemoglobin ≥5 g/dL. Moderate bleeding was clinically visible (including imaging diagnosis), with decrease in hemoglobin between 3 and 5 g/dL. Slight bleeding was considered blood loss that was insufficient to meet the criteria listed above.

A new thromboembolic event was recorded if, during medication, either of the following occurred: new deep venous thrombosis in a patient with deep venous thromboembolism; or a stroke or vascular occlusion caused by emboli shedding in a patient with atrial fibrillation. A new thrombosis was diagnosed based on angiography or vascular color Doppler ultrasound.

Statistical Analysis {#section5-1076029620925923}
--------------------

All statistical analyses were performed using SPSS version 22.0. An independent sample *t* test, χ^2^ test, or Fisher exact probability method was used. For the R × C contingency table, when the outcome variable was multivariate and orderly, the rank-sum test was used. The logistic regression model was applied to analyze the independent risk factors for bleeding. Differences were considered statistically significant at *P* \< .05. The figure was designed using Prism Software and Adobe Photoshop.

Results {#section6-1076029620925923}
=======

Clinical Characteristics {#section7-1076029620925923}
------------------------

Overall, 299 patients were enrolled, with a median age of 71.66 years (60-93 years; [Table 1](#table1-1076029620925923){ref-type="table"}). During the treatment, 2 (0.7%) and 23 (7.6%) patients experienced moderate and slight bleeding, respectively, with an overall incidence of 8.4%. In addition, 2 patients suffered from new thrombosis; the incidence of new thrombosis was 0.7%.

###### 

Clinical Characteristics.

![](10.1177_1076029620925923-table1)

  Variables                                                               N = 299
  ----------------------------------------------------------------------- ---------------
  Age (Y)                                                                 71.66 (60∼93)
  Sex (M)                                                                 139 (46.5%)
  Hypertension                                                            130 (43.5%)
  Diabetes mellitus                                                       42 (14.0%)
  Smoking                                                                 107 (35.8%)
  Alcohol consumption                                                     54 (18.1%)
  Varicose veins                                                          28 (9.4%)
  Bleeding during medication                                              25 (8.4%)
  New thrombosis during medication                                        2 (0.7%)
  Daily dose of rivaroxaban                                               
   10 mg every day                                                        97 (32.4%)
   15 mg every day                                                        74 (24.7%)
   10 mg twice a day                                                      78 (26.1%)
   First 15 mg twice a day after 21 days was changed to 20 mg every day   50 (16.7%)
  Age groups                                                              
   60∼69                                                                  134 (44.8%)
   70∼79                                                                  109 (36.5%)
   ≥80                                                                    56 (18.7%)
  Bleeding type                                                           
   Slightly bleeding                                                      23 (7.6%)
   Moderate bleeding                                                      2 (0.7%)
   Major bleeding                                                         0 (0.0%)

Analysis of Effectiveness and Safety of Rivaroxaban in Elderly Patients {#section8-1076029620925923}
-----------------------------------------------------------------------

The rate of bleeding events was positively and significantly associated with the rivaroxaban dose, and the difference among the groups was statistically significant (χ^2^ = 12.241, *P* \< .001). The bleeding rate of the group given 15 mg twice a day for 21 days and then 20 mg every day was significantly higher than that of the group given 10 mg every day throughout (*P* \< .008; Supplementary Table 1). The rates of embolism among the dosage groups were not statistically significant (*P* = .765; Supplementary Table 2). When stratified by age, the rate of bleeding events was positively associated with age, (χ^2^ = 13.053, *P* = .001), and bleeding in the ≥80-year group was significantly higher than that of the group aged 60 to 69 years (*P* \< .016; Supplementary Table 3).

Univariate and Multivariable Analysis for Independent Factors of Bleeding {#section9-1076029620925923}
-------------------------------------------------------------------------

Comparisons of baseline data between the bleeding and nonbleeding groups showed that the following were risk factors for bleeding events ([Table 2](#table2-1076029620925923){ref-type="table"}): age (χ^2^ = 13.053, *P* = .001); the daily dose of rivaroxaban (χ^2^ = 12.241, *P* \< .001); and prothrombin activity (χ^2^ = 2.008, *P* = .046). A logistic regression analysis to evaluate the role of these parameters indicated that age (odds ratio \[OR\]: 2.963, 95% CI: 1.627-5.396) and the daily dose of rivaroxaban (OR: 2.325, 95% CI: 1.483-3.645) were independent risk factors for bleeding ([Table 3](#table3-1076029620925923){ref-type="table"}). An analysis of the association between the daily dose of rivaroxaban and age in the 25 bleeding patients showed that, while the daily dose of rivaroxaban decreased with increasing patient age, patients of advanced age still had a higher risk of bleeding compared with the younger elderly patients ([Figure 1](#fig1-1076029620925923){ref-type="fig"}).

###### 

Analysis of Bleeding Risk Factors.

![](10.1177_1076029620925923-table2)

  Parameter                                                     Bleeding (n = 25)       No bleeding (n = 274)   χ^2^     *P*
  ------------------------------------------------------------- ----------------------- ----------------------- -------- --------
  Sex^a^                                                                                                                 
   Male                                                         16 (64.0)               123 (44.9)              3.363    .067
   Female                                                       9 (36.0)                151 (55.1)                       
  Age^a^                                                                                                                 
   60∼69                                                        5 (20.0)                129 (47.1)              13.053   .001
   70∼79                                                        9 (36.0)                100 (36.5)                       
   ≥80                                                          11 (44.0)               45 (16.4)                        
  Varicose veins^a^                                                                                                      
   Yes                                                          2 (8.0)                 26 (9.5)                0.060    .807
   No                                                           23 (92.0)               248 (90.5)                       
  Smoking^a^                                                                                                             
   Yes                                                          9 (36.0)                98 (35.8)               0.001    .981
   No                                                           16 (64.0)               176 (64.2)                       
  Alcohol consumption^a^                                                                                                 
   Yes                                                          3 (12.0)                51 (18.6)               0.677    .411
   No                                                           22 (88.0)               223 (81.4)                       
  Hypertension^a^                                                                                                        
   Yes                                                          11 (44.0)               119 (43.4)              0.003    .956
   No                                                           14 (56.0)               155 (56.6)                       
  Diabetes mellitus^a^                                                                                                   
   Yes                                                          4 (16.0)                38 (13.9)               0.086    .769
   No                                                           21 (84.0)               236 (86.1)                       
  New thrombosis^a^                                                                                                      
   Yes                                                          0 (0.0)                 2 (0.7)                 \-       .840
   No                                                           25 (100.0)              272 (99.3)                       
  A daily dose of rivaroxaban^a^                                                                                         
   10 mg every day                                              3 (3.1)                 94 (96.9)               12.241   \<.001
   15 mg every day                                              4 (5.4)                 70 (94.6)                        
   10 mg twice a day                                            8 (10.3)                70 (89.7)                        
   First 15 mg twice a day after 21 days was changed to 20 mg   10 (20.0)               40 (80.0)                        
  INR^b^                                                        1.0 (0.97-1.07)         0.998 (0.94-1.04)       −1.669   .095
  APTT (seconds)^b^                                             30.15 (28.12-31.82)     30.10 (27.25-32.80)     −0.103   .918
  PT (seconds)^b^                                               11.70 (11.37-12.50)     11.50 (11.00-12.20)     −1.865   .062
  PTR^b^                                                        1.00 (0.97-1.07)        0.98 (0.94-1.040)       −1.693   .091
  Fibrinogen^b^                                                 3.645 (3.235-4.160)     3.350 (2.930-3.928)     −1.635   .102
  ALT (U/L)^b^                                                  18.60 (14.70-23.25)     16.95 (11.10-24.60)     −1.056   .291
  AST (U/L)^b^                                                  23.850 (20.675-30.20)   21.80 (18.50-27.05)     −1.524   .128
  Cr (µmol/L)^b^                                                44.5 (6.36-81.60)       44.9 (5.58-67.37)       −1.141   .254
  BUN (µmol/L)^b^                                               9.62 (6.24-74.05)       8.87 (5.54-66.55)       −0.972   .331
  D-D (µg/L)^b^                                                 2205.0 (397.0-4030.0)   1070 (433.75-3272,50)   −0.747   .455
  PLT (10^9^/L)^b^                                              190.0 (149.0-255.0)     203.0 (169.0-245.0)     −0.765   .444
  PTA (%)^c^                                                    93.17 ± 11.94           98.78 ± 12.23           2.008    .046

Abbreviations: ALT, alanine aminotransferase; APTT, activated part thromboplastin time; AST, aspartate aminotransferase; BUN, blood urea nitrogen; Cr, creatinine; D-D; D-Dimer; INR, international standardized ratio; PLT, platelet count; PT, prothrombin time; PTA, prothrombin activity; PTR, prothrombin time ratio; fibrinogen, SD, standard deviation.

^a^ Expressed as frequency and percentage (%).

^b^ Expressed as median (interquartile range).

^c^ Expressed as mean ± SD.

###### 

Multiple Logistic Regression Analysis of Influencing Factors of Bleeding Events.

![](10.1177_1076029620925923-table3)

  Parameter                   β       Wald c^[@bibr2-1076029620925923]^   OR      95% CI        *P*
  --------------------------- ------- ----------------------------------- ------- ------------- --------
  Age                         1.086   1.086                               2.963   1.627-5.396   \<.001
  Daily dose of Rivaroxaban   0.844   0.844                               2.325   1.483-3.645   \<.001

Abbreviation: OR, odds ratio.

![A daily dose of rivaroxaban and age distribution in patients with bleeding.](10.1177_1076029620925923-fig1){#fig1-1076029620925923}

Discussion {#section10-1076029620925923}
==========

New oral anticoagulants prescribed for daily intake can reduce the number of thromboembolic events over the years. The number of users of oral anticoagulants has increased in recent years, especially in the elderly patients who are at the highest risk of stroke and bleeding and show the greatest associated decrease in ischemic stroke without increased bleeding.^[@bibr14-1076029620925923],[@bibr15-1076029620925923]^ The greatest observed clinical benefit of NOACs is for stroke prevention in atrial fibrillation, in both primary and secondary care.^[@bibr14-1076029620925923]^ One meta-analysis concerning elderly patients with atrial fibrillation granted that, compared with vitamin-K antagonists, NOACs were associated with a lower risk of systemic embolism, intracranial hemorrhage, hemorrhagic stroke, and fatal bleeding. However, these benefits were accompanied by a higher risk of gastrointestinal bleeding, and there were significant differences in efficacy depending on the individual NOAC agent.^[@bibr2-1076029620925923]^

Rivaroxaban is a NOAC with a proven lower risk of bleeding. It has been widely used in the treatment and prevention of deep venous thrombosis and nonvalvular atrial fibrillation, as well as for patients with nonvalvular atrial fibrillation with concomitant coronary artery disease, with or without peripheral artery disease.^[@bibr16-1076029620925923][@bibr17-1076029620925923][@bibr18-1076029620925923]--[@bibr19-1076029620925923]^ Because of reduced or poor liver and kidney function in the elderly patients, there is higher risk that an anticoagulant will lead to bleeding. However, there is no international recommended dosage for the elderly patients.

The present study was a retrospective analysis of clinical data of 299 elderly patients taking rivaroxaban. It was found that the total bleeding rate was 8.4%, which was either slight or moderate bleeding, and of the skin or mucosa. The signs of gastrointestinal bleeding are dark stool or slightly bloody stool (data not shown). There was no major bleeding. In addition, the incidence of embolism among the groups was insignificant, which indicates that rivaroxaban is effective in anticoagulation therapy.

Interestingly, compared with the bleeding rate reported in the Phase III clinical trial of rivaroxaban,^[@bibr20-1076029620925923],[@bibr21-1076029620925923]^ the bleeding rate of the current patients overall was lower. However, specifically for our patients aged 80 years or older, the bleeding rate was significantly higher than that shown by the RECORD III clinical trial. With further analysis, we found that even when the daily dose of rivaroxaban was reduced in patients 80 years or older, there was still a higher risk of bleeding. This suggests that elderly people should receive a lower dose of rivaroxaban; for best effectiveness, small doses are safer. Studies have found that a rivaroxaban dose of 10 mg once daily is better tolerated and is more suitable for the elderly patients.^[@bibr22-1076029620925923],[@bibr23-1076029620925923]^ In the present research, 10-to-15 mg per day was both effective and safe for older people.

The present analysis also determined that prothrombin activity contributes to bleeding. Prothrombin activity is a sensitive indicator of the severity and prognosis of hepatocyte necrosis. Most coagulation factors are synthesized in the liver. When liver parenchyma is damaged and a large number of hepatocytes are necrotic, the synthesis of coagulation factors is limited and the risk of bleeding increases. Studies have found that thrombin allele knockout mice have a higher risk of bleeding, which included important organs such as the heart and brain.^[@bibr24-1076029620925923]^ However, whether prothrombin activity can be used as an evaluation index for bleeding risk of rivaroxaban, further research is needed.

This analysis of the associations among rivaroxaban-related bleeding events, the daily dose of rivaroxaban, and age, provided some guidance for anticoagulation therapy with rivaroxaban in the elderly patients. However, this study is a retrospective analysis of clinical data. Patient data were collected through both telephone follow-up and the hospital's medical records. Many factors that may affect the study results were excluded. The study sample was small, which may also affect the results. The reliability of the conclusion requires more scientifically rigorous, multicenter, and large-scale experiments to confirm. Further studies should be conducted that include the elderly patients with different thromboembolic diseases, and whether the dose of rivaroxaban can be reduced from the recommended dose while maintaining effectiveness and safety.

Conclusion {#section11-1076029620925923}
==========

By evaluating the effectiveness and safety rivaroxaban in elderly patients, the anticoagulant effect of rivaroxaban was confirmed. However, for elderly patients aged 80 years or older, selection of the dose of anticoagulant drugs still requires care. While effectiveness is the primary goal, taking less (10-15 mg/d) than the recommended dose may be safer for elderly patients. Risk factors for bleeding in the elderly should be reassessed.
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